Reaction dynamics in collisions of antiprotons on nuclei is investigated within the Lanzhou quantum molecular dynamics model. The reaction channels of elastic scattering, annihilation, charge exchange and inelastic collisions of antiprotons on nucleons have been included in the model. Dynamics on particle production, in particular pions, kaons, antikaons and hyperons, is investigated in collisions of p on 12 C, 20 Ne, 40 Ca and 181 Ta from a low to high incident momenta. It is found that the annihilations of p on nucleons are of importance on the dynamics of particle production in phase space. Hyperons are mainly produced via meson induced reactions on nucleons and strangeness exchange collisions, which lead to the delayed emission in antiproton-nucleus collisions.
I. INTRODUCTION
The dynamics of antiproton-nucleus collisions is a complex process, which is associated with the mean-field potentials of antinucleons and produced particles in nuclear medium, and also with a number of reaction channels, i.e., the annihilation channels, charge-exchange reaction, elastic and inelastic collisions. A more localized energy deposition is able to be produced in antiprotonnucleus collisions in comparison with heavy-ion collisions due to the annihilations. Searching for the cold quarkgluon plasma (QGP) with antiproton beams has been performed as a hot topic both in experiments and in theory calculations over the past several decades. The large yields of strange particles may be produced in antiproton induced reactions, which have the advantage in comparison to proton-nucleus and heavy-ion collisions. The particle production in collisions of antiproton on nuclei has been investigated by using the intranuclear cascade (INC) model [1, 2] and the kinetic approach [3] . A number of experimental data were nicely explained within these approaches. Self-consistent description of dynamical evolutions and collisions of antiproton on nucleus with transport models is still very necessary, in particular the fragmentation in collisions of antiproton on nucleus to form hypernuclei.
Strangeness production in antiproton induced nuclear reactions has been investigated thoroughly with the Giessen Boltzmann-Uehling-Uhlenbeck (GiBUU) transport model [4, 5] and the Lanzhou quantum molecular dynamics (LQMD) approach [6] . The production of hypernuclei is associated with the reaction channels of hyperons and also hyperon-nucleon (HN) potential. From comparison of kinetic energy or momentum spectra of hyperons to experimental data, the HN potential can be extracted. Also the antinucleon-nucleon potential is able to be constrained from particle production. The dynamical mechanism on strange particle production can be explored from the analysis of reaction channels and comparison to experimental spectra.
II. MODEL DESCRIPTION
In the Lanzhou quantum molecular dynamics (LQMD) model, the dynamics of resonances (∆(1232), N*(1440), N*(1535) etc), hyperons (Λ, Σ, Ξ) and mesons (π, K, η, K, ρ, ω ) is described via hadron-hadron collisions, decays of resonances and mean-field potentials in nuclear medium [7, 8] . The evolutions of baryons (nucleons, resonances and hyperons), anti-baryons and mesons in the collisions are governed by Hamilton's equations of motion which read asṗ
The Hamiltonian of baryons consists of the relativistic energy, the effective interaction potential and the momentum dependent part as follows:
Here the p i and m i represent the momentum and the mass of the baryons. The effective interaction potential U int is composed of the Coulomb interaction and the local potential [8] . A Skyrme-type momentum dependent interaction has been used in the evaluation of the local potential energy for nucleons and resonances. The effect of the momentum dependence of the symmetry potential in heavy-ion collisions was also investigated with the isospin-dependent Boltzmann Uehling Uhlenbeck transport model [9] . The hyperon mean-field potential is constructed on the basis of the light-quark counting rule. The self-energies of Λ and Σ are assumed to be two thirds of that experienced by nucleons. And the Ξ self-energy is one third of nucleon's ones. Thus, the in-medium dispersion relation reads
e.g., for hyperons Σ
. The antibaryon energy is computed from the G-parity transformation of baryon potential as The evolution of mesons is also determined by the Hamiltonian, which is given by
Here the Coulomb interaction is given by
where the N M and N B are the total numbers of mesons and baryons including charged resonances.The kaon and anti-kaon energies in the nuclear medium distinguish isospin effects based on the chiral Lagrangian approach as [13] [14] [15] 
and 
The overline of B (Y) means its antiparticle. The cross sections of these channels are based on the parametrization of experimental data [16] . The N N annihilation is described by a statistical model with SU(3) symmetry [17] , which includes various combinations of possible emitted mesons with the final state up to six particles [5] . A hard core scattering is assumed in two-particle collisions by Monte Carlo procedures, in which the scattering of two particles is determined by a geometrical minimum distance criterion d ≤ σ tot /π fm weighted by the Pauli blocking of the final states. Here, the total cross section σ tot in mb is the sum of all possible channels. The probability reaching a channel in a collision is calculated by its contribution of the channel cross section to the total cross section as P ch = σ ch /σ tot . The choice of the channel is done randomly by the weight of the probability.
III. RESULTS AND DISCUSSIONS
The emission mechanism of particles produced in antiproton induced reactions is significant in understanding contributions of different reaction channels associated with antiprotons on nucleons and secondary collisions. Shown in Fig. 2 anti-kaons and hyperons in the reaction of p+ 12 C at an incident momentum of 1 GeV/c. It is shown that the kaons are emitted immediately after the annihilation of antinucleons and nucleons. The secondary collisions of pions and anti-kaons on nucleons retard the emissions in the reaction dynamics, i.e., πN → ∆, KN → πY etc, which lead to the production of hyperons. At the considered momentum below its threshold energy, e.g., the reaction N N → ΛΛ (p threshold =1.439 GeV/c), hyperons are mainly contributed from the secondary collisions after annihilations, i.e., πN → KY and KN → πY .
Phase-space distributions of particles produced in heavy-ion collisions were used to investigate the inmedium properties of hadrons, in particular for strange particles [13] . It has been shown that the mean-field potentials influence the spectrum structures, i.e., the kinetic energy spectra of inclusive cross sections, rapidity and transverse momentum distributions of particles etc. The phase-space structure of particle emission in antiproton induced reactions is also investigated in this work. Shown in Fig. 3 is the transverse momentum distributions of neutral particles in collisions of antiprotons on different targets. The hyperon emission is coupled to the strangeness exchange reactions. The yields increase with the mass number of target. Shown in Fig. 4 is the rapidity distributions. Target effect is pronounced in the domain of antiproton-nucleon frame (y=0.46) for π 0 , K 0 and K 0 emission, where heavier target increases the production of pions and kaons. It leads to an opposite contribution for antikaon production because of strangeness exchange KN → πY . The peak of hyperon emission is close to the target rapidity and more sensitive to the mass .
IV. CONCLUSIONS
Dynamics on particle production in antiproton induced reactions, in particular pions, kaons, antikaons and hyperons, has been investigated within the LQMD model. The production of pions, kaons and antikaons are mainly contributed from the annihilations of antiproton on nucleons. Hyperons are dominated via the meson-nucleon collisions and strangeness exchange reactions. Kaons are emitted promptly after production in nuclear dynamics. Secondary collisions retard the emission of pions, antikaons and hyperons, which reduce the yields of antikaons and enhance hyperons with increasing the mass number of target. 
